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bstract
The water resources and agricultural policies in Egypt tend to minimize the food gap, increase self-sufficiency, maximize the
conomic value of water, decrease the cultivated area of voracious crop water and optimize the water allocation and use. The main
oal of the present study is developing a decision support system that can be utilized to assist in achiving these polices and stategies.
he decision support system was applied to: (i) analyze of the current situation of the consumed water and the cultivated areas
y main crops and their net return, (ii) calculate economic value of irrigation water for main crops at twenty two governorates in
gypt, and (iii) solve a linear optimization problem where the objective function is maximizing the economic value of the irrigation
ater, and finally (iv) propose an optimal cropping pattern at the Egyptian governorate level. The paper concludes that proposing
 cropping pattern at the governorate level is essential where it provides a reliable and accurate view of the economic value of
rrigation water rather than the national level. The proposed cropping pattern reduces the national food gap and the cultivated areas
f voracious crops water, and saves the irrigation water. Alternatives to utilize the saved water due to the proposed cropping pattern
re suggested.
 2013 National Water Research Center. Production and hosting by Elsevier B.V. All rights reserved.
eywords: Economic value; Irrigation water; Cropping pattern; Optimization; Linear programming; Decision support system
.  IntroductionOne of the main aims of the national water resources and agricultural policy is the optimal use of available water
esources in order to be in harmony with the developed agricultural plans and the country’s economic sustainability.
he water policy of Egypt improves efficiency of the present use of water resources by achieving various aspirations
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such as enhancing water supply and management, maximizing economic, social, and environmental return from water
resources by means of irrigation improvement and changing cropping patterns (MWRI, 2005, 2010).
The main pillar of the agriculture strategy of Egypt is the rationalization of irrigation water use. This is carried
out through adopting several measures such as, adjusting the cropping pattern through indicative measures to reduce
cultivated areas of rice and sugarcane, taking into consideration the revenues per unit of water when working out
the indicative cropping patterns, and enhancing water-use efficiency in irrigated agriculture (Siam and Moussa, 2003;
MALR, 2005, 2009).
The national food security strategy of Egypt is influenced in particular by the following concepts: (i) dominance of
cash crops on new lands, (ii) increase of cereal production on old lands, (iii) limitation of rice and sugarcane, and (iv)
concentration in positive effects of market oriented economy.
Egypt exerted significant efforts to increase land productivity, reclaim land, and expand irrigated area. Water
resources development and land reclamation projects have been established in Egypt to increase food security (MWRI,
2005, 2010; Sileet et al., 2007).
Because of its importance in the Egyptian diet, wheat is considered a strategic commodity in the country. It provides
more than one-third of the daily caloric intake of Egyptian consumers and 45% of their total daily protein consumption
(Kherallah et al., 2000). According to the strategy of agricultural development in Egypt, it is planned to increase the
wheat area gradually to 4.2 million Feddan (1 Feddan = 0.42 ha) by 2030, to meet the continued increase in population.
The area of broad bean and oily crops will be increased to 200 thousands and 525 thousands Feddan respectively.
Furthermore, it is planned to reduce the area of rice to 1 million Feddan by 2017 (MALR, 2005, 2009).
In spite of that the government of Egypt is taking main steps in adjusting the cropping pattern to meet the future
demands and achieve the required balance between water supply and demand, the water productivity in some regions in
Egypt is low due to high water consumptive crops. The Egyptian cropping pattern was mainly controlled by the Egyptian
government for a long period (1961–1986). Several studies revealed the deviation of the prevailing cropping pattern from
an optimal one that could achieve economic efficiency in allocating resources and increasing agriculture production
(Negm et al., 2006; Kuo et al., 2001). Starting from 1987, an agriculture liberalization policy was implemented in
Egypt. Some studies indicated minor improvement toward achieving economic efficiency as a result of the changes
that occurred in the cropping pattern after the liberalization policy (Negm et al., 2006).
Various studies have been carried out to evaluate and adjust the cropping pattern. Shahata (1993) recommended
that the cropping pattern should be guided by the economic efficiency of water use. Salah (2002) recommended a
cropping pattern considering of some plants that achieve an increase in both the net revenue and return unit from unit
of irrigation water at the national level.
Negm et al. (2006) investigated two scenarios for the cropping pattern at the national level. The first scenario is
associated with the continuation of the local prices of crops. The second scenario is associated with the dynamic
global conditions. Fawzy (2009) proposed a cropping pattern at the national level under three alternatives. The three
alternatives were: (i) maximizing the net return per Feddan using both financial and economic prices, (ii) maximizing
return per unit of water using both financial and economic prices, and (iii) minimizing water requirements.
Some decision support systems were developed for proposing new cropping patterns however others were developed
for evaluating the existing cropping patterns. Abu-zeid (1999) developed a decision support system to evaluate different
cropping patterns and water use strategies in the eastern Nile Delta of Egypt. The Agricultural Sector Model for Egypt
(ASME) was designed to simulate the agricultural sector including livestock (MWRI, 2012). The objective function
of ASME is to maximize the net consumer/producer surplus of agricultural commodities consumed by households,
including crop and crop-based commodities and livestock commodities. In spite of the importance of the model, it has
some drawbacks. ASME has no friendly user interfaces to handle its input and output. The objective function of the
model does not considering water saving.
As shown above, the previous studies proposed cropping patterns that are either carried out at the national level or
considered a specified pilot study area taking into account few crops. In terms of local administration, Egypt is divided
into 27 governorates that are administered by a local governor. Actually, proposing a cropping pattern at the governorate
level is essential. Proposing a cropping pattern at the governorate level provides a more reliable and accurate view of
the economic value of irrigation water than proposing it at the national level. This complete view helps the decision
makers in proposing cropping patterns that are feasible within the available land and water in each governorate.
Through the study a decision support system to maximize economic value of irrigation water at the Egyptian
governorates meanwhile reducing national food gap, DSS-EVWFG was developed. DSS-EVWFG was utilized to
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ropose a cropping pattern that maximizes the economic value of irrigation water at 22 governments in Egypt, reduces
oth the national food gap and the cultivated areas from the voracious crops water, and saves the irrigation water.
ain crops under cereal, fiber, vegetables, fruits, sugar crops, oil crops, legumes, forages, and herbalist categories
ere considered during the study. Two alternatives were proposed to acquire benefits from the results of the proposed
ropping pattern.
.  Characteristics  of  Egypt
.1.  Agro-climatic  zones
Egypt is divided into three main agro-climatic zones, as shown in Fig. 1, that are: (i) Lower Egypt (Nile Delta) that
xtend from the north of Cairo to the Mediterranean Sea and is characterized by some Winter precipitation, (ii) Middle
gypt that extend from south Cairo to the boundary of Asyut governorates and characterized by minimal rainfall, and
iii) upper Egypt that extend southwards from AL-Minya/Asyut governorates boundary to the Sudanese border and
haracterized by almost complete absence of rainfall.
Fig. 1. Agro-climatic zones of Egypt.
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2.2.  Agricultural  seasons
The Egyptian agricultural year starts in April and comprises three seasons that are: (i) Winter season: December 1st
to April 1st, (ii) Summer season: April 1st to August1st, and (iii) Niley season: August 1st to December 1st.
The total cultivated land is about 8.5 million Feddans. The agricultural sector is the largest consumer of water in
Egypt, where it is consumed about 85% of the available Egyptian water.
2.3.  Food  gap
The food gap is the difference between available supply and consumption. Table 1 shows food gap of Egypt during
the period 1999–2011. Egypt suffers from food gap in various agricultural food commodities (except rice), as shown in
Table 1. The food gap of wheat, maize, broad been, oily crops and sugarcane in Egypt in 2011 were about 7.65, 4.56,
0.52, 0.79, and 0.77 million tons. In 2011 domestic production of wheat, maize, broad been, oily crops and sugarcane,
represented about 53.6, 61.7, 29.0, 22.1, and 70.9% of their domestic consumption respectively.
Table 1
Food gap of Egypt during the period 1999–2011 (thousand ton).
Crop Domestic production Consumption Food gap
1999 2000 2007 2011 1999 2000 2007 2011 1999 2000 2007 2011
Wheat 6350 6454 7379 8850 91,700 11,125 13,772 16,500 3280 4671 6393 7650
Maize 6140 6144 7115 7340 11,070 11,085 11,025 11,900 4930 4941 3910 4560
Rice 5820 6173 6920 6800 4170 5458 4940 6140 – – – –
Broad bean 483 333 302 211 529 540 698 727 46 207 396 516
Oily crops 139 115 168 226 685 1040 1408 1022 546 925 1240 796
Sugar 1043 1399 1662 1885 1784 1796 2174 2656 741 397 512 771
Source: Economic Affairs Sector-Ministry of Agricultural and Land Reclamation and (Khalifa et al., 2012).
3.  Relation  between  the  economic  value  of  irrigation  water  and  cultivated  areasEl-Gafy and El-Ganzori (2012) analyzed the relation between the cultivated areas of the cropping pattern and the
economic value of irrigation water for different crops. This analysis showed that, as presented in Figs. 2 and 3, in spite
Fig. 2. Calculated economic value of irrigation water for wheat at different governorates ranked from the highest to the lowest value (average
2008–2009) (El-Gafy and El-Ganzori, 2012). *L, Lower Egypt; M, Middle Egypt; U, Upper Egypt.
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tig. 3. Cultivated area of wheat at different governorates in 2008 and 2009 (El-Gafy and El-Ganzori, 2012). *L, Lower Egypt; M, Middle Egypt;
, Upper Egypt.
f the economic value of irrigation water for wheat, as an example, in Sharqia is lower than its value in el Beheira
overnorate, the cultivated area of wheat at Sharqia governorate is larger than its area at el Beheira governorate.
This analysis concluded that the cultivated area of the crop at the different governorates is not related to its economic
alue. Therefore, the researchers recommended that in the selection of the cropping pattern, the cultivated area of crop
hould be increased based on its economic value of irrigation water.
.  Methodology
To achieve the objective of the current study several activities were carried out as shown in Fig. 4. These activities
re summarized in:
(i) Collecting required data and information for the study such as cost, revenue, consumed water, and cultivated
areas of the studied crops. These data and information were collected from Ministry of Agricultural and Land
Reclamation, Ministry of Water Resources and Irrigation, and the official statistical institutions in Egypt.
ii) Developing a decision support system to maximize economic value of irrigation water at the Egyptian governorates
meanwhile reducing national food gap (DSS-EVWFG).
ii) Applying DSS-EVWFG to:
a. analyze of the current situation of the consumed water and the cultivated areas of the main crops and their net
return,
b. calculate the economic value of irrigation water for main crops at twenty two governorates in Egypt, these main
crops are considered the most essential crops in Egypt, and
c. solve a linear optimization problem where the objective function is maximizing the economic value of the
irrigation water.
iv) Proposing socio-economic and environmental optimal cropping pattern at 22 Egyptian governorates.
v) Proposing alternatives to utilize the saved water due to the proposed cropping pattern.
The main summer crops that are considered through the study were rice, maize, sorghum, cotton, sugarcane, soybean,
unflower, peanut, sesame, henna, roselle, basil, tomato, potato, watermelon, onion, okra, zucchini, quintalob, eggplant,
epper, and cucumber. The winter crops were wheat, sugar-beet, flax, broad bean, lentil, barely, fenugreek, lupine,
hickpea, potato, eggplant, garlic, tomato, pepper, zucchini, onion, lupin, cabbage, green peas, tahrish, and long-clover.
he Niley crops considered through the study were tomato, onion, cabbage, potato, maize, and sorghum. This study
onsidered 22 governorates of Egypt, which play an important role in the Egyptian crops production. Twelve of
hese governorates are located in Lower Egypt (i.e. Dumyat, Dakahlia, Sharqia, Qalyubia, Kafr EL-Sheikh, Gharbia,
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Monufia, Behaira, Alexandria, Ismailia, Port Said and Al-Suwayyis), five in the Middle Egypt (i.e. Cairo, Giza, Bani
Swaif, Al-Fayoum, and Al-Minya), and five in Upper Egypt (i.e.  Asyut, Suhaj, Qina, Luxor, and Aswan).
4.1.  DSS-EVWFG
DSS-EVWFG contains three main components. The three components are the database and geographic information
system sub-system, user interface sub-system, and model sub-system. Fig. 5 illustrates the schematics frame work of
the developed DSS-EVWFG. The main output from DSS-EVWFG is a socio-economic and environmental optimal
cropping pattern at the Egyptian governorates.
4.1.1. Database  sub-system
The main purpose of the database sub-system is storing and tabulating the data, developing economic value maps,
and linking the input and the output data to a developed geographic information system. As shown in Fig. 5, the main
input data and information for DSS-EVWFG are divided into two main forms that are the built in data and the key
in data. The built in data includes the cultivated area of each crop and its water required per Feddan. The key in data
includes information about the costs of cultivating the crop and its revenue per Feddan. The costs include the costs
of preparation of the agricultural land, seeds, irrigation, fertilization, agricultural service, pests’ resistance, harvest,
transportation of the crop, and public expenditures.
4.1.2. User  interface  subsystem
The user friendly interfaces were designed and implemented to facilitating the process of the data entry and displaying
the output from DSS-EVWFG, model subsystem.
The model sub-system of DSS-EVWFG was operated to calculate the economic value of the irrigation water. The
model sub-system of DSS-EVWFG was connected to WinQBS software. WinQSB is a software for solving optimization
problems. This software was selected due to its simplicity, it uses a considerable variables and constraints number.
WinQSB was developed by Yih-Ling (1998).
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Mathematical methods applied in the utilizing the system is as follows.
.1.2.1. Economic  value  of  irrigation  water.  The current study considers water as an intermediate good. The applicable
ethods for determining the economic value of water as an intermediate good are the willingness to pay for water,
roduction function method, residual valuation method, and value-added (Yokwe, 2005; Ashfaq et al., 2005; Agudelo,
001). In the Egyptian case study farmers are not paying for irrigation water as it is provided by the government
or free (Abu-Zeid, 2001). Consequently, it is not possible to establish a relationship between price and demand
rom actual behavior to generate demand functions for water use and it is difficult to know the marginal value of
ater.
The value-added method is an approach particularly well suited to estimating benefits in production sectors, where
ater is an intermediate good. Value added generally refers to net payments to primary resources (the costs of preparation
f the agricultural land, seeds, irrigation, fertilization, agricultural service, pests’ resistance, and harvest, transportation
f the crop, and public expenditures). The value-added concept could be functional in planning an economically efficient
llocation of water between different crops in the agricultural sector. The economic value of irrigation water through
SS-EVWFG is estimated applying Eq. (1):
eij = nij −  Cij
Wij
(1)
here eij is economic value of irrigation water (LE/m3), nij is return per Feddan from crop (i) at governorate (j)
LE/Feddan), Cij cost non-water inputs used per Feddan for cultivating crop (i) at governorate (j) (LE/Feddan), and Wij
s quantity of water applied per Feddan for crop (i) at governorate (j) (m3/Feddan), the amount of rain in the irrigation
ater is not significant in Egypt especially at the governorates considered in the study.
4.1.2.1.1. Developing  optimization  model.  The objective function through this study is maximizing the economic
alue of irrigation water at the governorate level of Egypt considering 50 crops. The model was constrained by land
nd water.
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Objective function: the objective function for maximize the economic value of irrigation water at governorate (j) is
algebraically represented as:
Max.zj =
r∑
i=1
eijAijs (2)
where Aijs the cultivated area (Feddan) by crop (i) at governorate (j) at season s, r is the number of crops under study
at each governorate, and s  is the season (summer, winter, Niley).
The objective functions are subjected to:
Area constraint:  the equation for the area constraints is:
r∑
i=1
Aijs ≤  Xjs (3)
where Xjs is total area cultivated at governorate (j) in season (s).
Water constraint:  the equation for the water constraints is:
r∑
i=1
wijAijs ≤  wj (4)
where Wij is water requirements per Feddan for crop (i) at governorate (j), and Wj is available water for irrigation at
governorate (j). 88 constraints reflecting available irrigation water and land at the governorates of Egypt were applied
through the model.
Socio-economic  and  environmental  restrictions: restrictions considering food gap and voracious crops water were
considered through the study. To fulfill the crop production demand, it was necessary to bring the cultivated area under
minimum and maximum bounds of cultivation. The socio-economic and environmental restrictions for governorate (j)
are expressed mathematically as follows:
LAijs ≤  Aijs ≤  UAijs (5)
where LAijs is minimum cultivated area (Feddan) by crop (i) at governorate (j) at season (s); it is assumed that the area
of crop (i) could be decreased by 10% of its area at the last year, except for wheat, sugar beet, sunflower, and broad
bean (the production of the other crops in the last year before the study were more than the consumption need). UAijs
is maximum cultivated area (Feddan) by crop (i) at governorate (j) at season s; it is assumed that the area of crop (i)
could be increased by 30% of its area at the last year (it is assumed that this increase in the area will be taken from the
area of the secondary crops).
The model was adjusted to increase the area of wheat, sugar beet, sunflower, and broad bean. Moreover, the area of
voracious crops water, rice and sugarcane, were reduced. Labor is not considered in the model since Egypt is a labor
plentiful country.
5.  Results  and  discussion
5.1.  Analysis  of  the  current  status
The analysis of DSS-EVWFG outputs for 2009 showed that:
Irrigation water: in 2009, about 36.260 BCM of national water was consumed for cultivating the main crops at
22 governorate of Egypt. Sharqia governorate had the highest consumption of irrigation water among the different
governorates, as shown in Fig. 6. The cropping pattern at Sharqia governorate consumed about 11.42% of the national
irrigation water. Sharqia governorate was considered the third governorate in the net return from crop production, as
shown in Fig. 7. Al-Suwayyis governorate consumed about 0.21% of the national irrigation water, as shown in Fig. 6.
Al-Suwayyis governorate has the lowest consumption of the national irrigation water.Net return: 35.68 BLE of national GDP in 2009 was from the main crops production. As shown in Fig. 7, Beheira
governorate had the highest net return from main crops production while Al-Suwayyis governorate had the lowest
share. The cropping pattern at Beheira governorate shared with 11.63% of the national net return from main crops
production. Al-Suwayyis governorate shared with about 0.42% of the net return from the national crop production.
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Fig. 6. Consumed irrigation water for main crops at the Egyptian governorates in 2009.
Fig. 7. Net-return from the main crops at the Egyptian governorates in 2009.
Fig. 8. Cultivated areas of the main crops at the Egyptian governorates in 2009.
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Cultivated areas of the main crops: 11,232 thousand Fadden were cultivated by 50 main crops in 2009. As shown
in Fig. 8, Sharqia governorate had the highest cultivated area. The cropping pattern at Sharqia governorate shared with
11.99% of the national cultivated area from the main crops. Al-Suwayyis governorate shared with about 0.29% of the
cultivated area from the main crops. Al-Suwayyis governorate had the lowest cultivated area.
5.2.  Economic  value  of  irrigation  water
The economic values of irrigation water for different crops under cereal, fiber, vegetables, fruits, sugar crops,
oil crops, legumes, forages, and herbalist categories at different governorates of Egypt were calculated through
Fig. 9. Developed water economic value map of sugarcane.
Fig. 10. Developed water economic value map of cotton.
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Table 2
Calculated economic value of irrigation water for cereal at different governorates of Egypt (LE/m3)- ranked from higher to lower economic value
in 2009.
Rank Cereal
Wheat winter Barley winter Maize summer Sorghum summer Rice summer
value Gov-ID* Region** value Gov-ID region value Gov-ID region value Gov-ID region value Gov-ID region
1 1.96 17 M 1.69 2 L 0.90 9 L 0.53 17 M 0.48 15 L
2 1.64 6 L 1.69 17 M 0.86 2 L 0.44 23 U 0.44 12 L
3 1.48 15 L 1.61 10 L 0.84 15 L 0.43 21 M 0.44 6 L
4 1.48 9 L 1.47 15 L 0.77 16 L 0.39 25 M 0.42 9 L
5 1.43 12 L 0.99 8 L 0.75 17 M 0.37 27 U 0.4 11 L
6 1.33 21 M 0.84 1 L 0.70 12 L 0.34 22 U 0.39 14 L
7 1.33 25 M 0.81 7 L 0.70 6 L 0.32 24 U 0.34 10 L
8 1.29 2 L 0.73 27 U 0.60 11 L 0.10 19 M 0.32 8 L
9 1.24 22 U 0.71 12 L 0.58 10 L 0.27 19 M
10 1.17 3 L 0.71 6 L 0.52 23 U 0.27 22 U
11 1.17 19 M 0.67 25 M 0.49 21 M 0.26 7 L
12 1.17 23 U 0.56 21 M 0.48 19 M 0.26 1 L
13 1.16 26 U 0.47 22 U 0.47 25 M 0.17 3 L
14 1.14 16 L 0.44 24 U 0.45 3 L 0.17 2 L
15 1.05 27 U 0.42 23 U 0.33 8 L
16 1.03 11 L 0.33 14 L 0.32 7 L
17 1.03 24 U 0.13 19 M 0.32 1 L
18 0.97 10 L 0.28 22 U
19 0.96 7 L 0.24 14 L
20 0.96 1 L 0.24 24 U
21 0.81 14 L 0.20 26 U
22 0.8 8 L 0.15 27 U
Governorate ID Region
1 Al – Suwayyis 5 North Sinai 10 Kafr el – Sheikh 15 Beheira 20 Al-Wadi Al-Jadid 24 Aswan L Lower
2 Cairo 7 Ismailia 11 Gharbia 16 Monufia 21 Al – Minya 25 Al – Fayoum M Middle
3 Qalyubia 8 Sharqia 12 Dumyat 17 Giza 22 Asyut 26 Luxor U Upper
4 South Sinai 9 Dakahlia 14 Alexandria 19 Bani Swaif 23 Suhaj 27 Qina
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dSS-EVWFG. These economic values for irrigation water are provided for the crops under study in the form of
aps, Fig. 9 shows example the developed water economic value maps for cotton. As shown in the Fig. 9, the highest
conomic value of irrigation water for cotton is achieved in El-Behera, Gharbia and Dakahlia governorates. Table 2
hows example of calculated economic value of irrigation water for cereal at different governorates ranked from higher
o lower economic value in 2009. As shown in the previous table, the highest economic value of irrigation water for
heat and sorghum were achieved in Giza. While the highest economic value of irrigation water for barley, maize, and
ice were achieved in Cairo, Dakahlia, and Beheira respectively (Fig. 10).
.3.  Optimal  cropping  patternAs an example to illustrate the results of the research, analysis of the proposed cropping pattern at Beheira governorate
ill be described. Table 3 shows the considerable difference between the current cropping pattern and the proposed
ropping pattern at Beheira governorate. Furthermore, Table 3 illustrates the indicators of conversions in land use,
et return, economic value of irrigation water, and saved water. As shown in the previous table the most important
istinction of the proposed cropping pattern are the following.
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Table 3
Current and proposed cropping pattern at Beheira governorate.
Crop Season Economic value
(LE/m3)
Cropping pattern
(thousand Feddan)
Change (%)
Current Proposed
Rice
Summer
0.48 200 180.21 −10.00
Maize 0.84 210 210.41 0.00
Cotton 0.44 60 59.66 0.00
Tomato 1.34 34.15 35.75 4.71
Onion 2.85 1.00 1.30 30.00
Potato 2.29 29.62 38.50 30.00
Squash 0.74 6.57 6.31 −4.00
Sugar cane 0.75 0.34 0.00 −100.00
Cucumber 0.73 5.04 4.84 −4.00
Eggplant 1.18 8.05 7.73 −4.00
Green Paper 0.64 4.47 4.29 −4.00
Okra 1.61 1.35 1.75 30.00
Qantalop 2.36 7.65 9.95 30.00
Water melon 1.36 22.95 29.83 30.00
Peanut 1.22 7.61 7.23 −5.00
sesame 0.48 0.27 0.27 0.00
Sunflower 0.29 6.67 8.01 20.00
Tahrish
Winter
2.14 121.62 114.32 −6.00
Flax 0.14 0.49 0.49 0.00
Wheat 1.48 332.09 338.73 2.00
Long clover 2.23 113.09 106.31 −6.00
Tomato 1.35 11.84 11.72 −1.00
Brad been 1.80 41.72 50.59 20.00
Sugar beet 1.32 9.54 11.44 20.00
Onion 3.80 7.84 6.12 −21.92
Barley 1.47 2.66 2.61 −2.00
Garlic 6.86 0.34 0.44 30.00
Green paper 2.83 3.47 3.29 −5.00
Cabbage 1.47 7.26 6.97 −4.00
peas 1.20 11.46 9.05 −21.00
Eggplant 4.91 3.99 5.18 30.00
Tomato
Nily
1.41 01.09 01.42 30.00
Maize 0.52 47.30 46.52 −01.65
Potato 1.32 01.51 01.97 30.00
Total area (M Feddan) 1.32 1.32
Net return (BLE) 4.1 4.2
Applied water (BCM) 3.85 3.76
Economic value of irrigation water ((LE/m3) (LE/Feddan)) 1.08 1.11
Surplus of water (MCM) 455 539
Surplus of water about the current cropping pattern (MCM) 84
Available of water for the governorate (BCM) 4.3In Summer season: due to their high economic value of irrigation water, as shown in Table 3 and Fig. 11, the area of
onion, potato, okra, quantalop, and water melon was increased by 30%. Moreover, the area under tomato is increased
by 4.71%. While the area under, zucchini, cucumber, eggplant, and green pepper was decreased by 4%, and the area
of peanut was decreased by 5% due to their low economic value of irrigation water.
In Winter season: due to their high economic value of irrigation water, as shown in Table 3 and Fig. 11 the area
of eggplant and garlic were increased by 30%. While the areas of tahrish and long clover crops were decreased by
6%. The area of tomato, onion, barley, green pepper, cabbage, and peas were decreased by 1, 21, 2, 5, 4, and 21%
respectively due to their low economic value of irrigation water.
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Fig. 11. The calculated economic values of irrigation water at Beheira governorate.
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aIn Niley season: due to the high economic value of irrigation water, as shown in Table 3 and Fig. 11 the area of
omato and potato were increased by 30%, while the area of maize was decreased by 1.65% due to its low economic
alue of irrigation water.
According to the strategic crops, as shown in Table 3 the area of rice and sugarcane due to the proposed crop-
ing pattern at Beheira governorate were decreased by 10% and 100% respectively. The area of wheat was increased
y 2% while the area of broad bean, sugar beet, and sunflowers were increased by 20%. The proposed cropping
attern at Beheira governorate saves 84 MCM. Moreover, 14 MLE could be gained and the economic value of
rrigation water could be increased from 1.08 to 1.11 LE/m3 if the proposed cropping pattern is implemented at Beheira
overnorate.
.4.  Advantages  of  the  proposed  cropping  pattern
The most important socio-economic and the environmental advantages of the proposed cropping pattern can be
ummarized in the following.
.4.1.  Social  beneﬁts
The proposed cropping pattern reduces the food gap by increasing the cultivated area of some strategic main crops
n Egypt. Where, as shown in Table 4 the area of wheat, sunflower, soya bean, sugar-beet, broad bean were increased by
bout 56.50, 7.00, 1.70, 23.20, 19.70 thousandth Feddan respectively. The areas of rice and sugar-cane (the voracious
rop water) were decreased by about 113.95 and 35.20 thousandth Feddan. The changes in the area of the strategic
rops are consistent with the water resources and agricultural polices of Egypt.
As shown in Table 4 according to the cereal category, the most change in rice and wheat will be at Beheira and
harqia governorates respectively. Where, at Beheira governorate about 20,024 Feddan of rice will be decreased and
t Sharqia governorate about 8370 Feddan of wheat will be increased. According to the oily crops, the most change in
he area of sunflower and soya bean will be at Al-Fayoum and Al-Minya governorates where their areas will increase
y about 2540 and 1304 Feddan respectively.
In accordance with the sugar crops, the most change in sugar beet and sugarcane will be at Dakahlia and Qina
overnorates respectively. Where, at Dakahlia governorate the area of sugarbeet will be increased by 6662 Feddan and
t Qina governorate 15,108 Feddan of sugarcane will be decreased. The most change in the legumes category will be
t Beheira governorate. Where, the area of broad beans will be increased by 5006 Feddan.
14 I.K. El-Gafy et al. / Water Science 27 (2013) 1–18
Table 4
Changes in the cultivated areas of the strategic crops at each governorate due to the proposed cropping pattern.
Governorate Area (Feddan)
Cereal Oil crops Sugar crops Legumes
Rice Wheat Sunflower Soya bean Sugar beet Sugarcane Broad bean
Beheira −20,024 6642 1334 a 1907 −341 5006
Kafr el-Sheikh −16,231 5236 1000 5 a −117 3190
Gharbia −12,682 3281 a a 1506 −1589 635
Dakahlia −17,985 6144 a a 6662 0 3057
Sharqia −25,634 8368 a a 4461 −35 2663
Dumyat −6472 533 a a 500 −23 780
Monufia 0 1235 a 3 a a 89
Qalyubia −9940 1006 3 3 3 a 82
Alexandria −2040 675 110 a 266 a a –
Ismailia −396 935 a a 816 a 795
Al-Suwayyis −44 87 a a a −50 118
Port Said −2018 391 2 a a 0 a
Cairo −10 99 a a −355 −1478 a
Giza a 631 a a a a 61
Bani Swaif −471 2790 241 187 a a 36
Al-Minya 0 4620 385 1304 2189 −3756 250
Al-Fayoum a 3183 2537 39 4112 −561 553
Asyut −13 3380 1319 113 391 −215 1460
Suhaj a 3562 45 1 8 −1566 294
Qina a 2564 a a 4 −15,108 232
Luxor a 332 a a – −2347 109
Aswan a 779 a a a −8021 295
Total −113,959 56,472 6977 1655 23,182 −35,206 19,706
a Not cultivated in the governorate.5.4.2.  Environmental  beneﬁts
As shown in Fig. 12, the proposed cropping pattern at the 22 governorates will save 709 MCM. The most saved
water will be at Qina governorate where 96.67 MCM will be saved. The least saved water will be at Al-Suwayyis
governorate where only 0.39 MCM will be saved.
Fig. 12. Water saving at each governorate due to the proposed cropping pattern.
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5.4.3.  Economic  beneﬁts
In general, the economic value of irrigation water, as shown in Table 5 could be increased from 0.98 to 1.01 LE/m3
if the proposed cropping pattern is implemented. As shown in Fig. 13, the most increase in the economic value of
irrigation water will be in Cairo governorate while the least change will be at Qina governorate. In some governorates,
the economic value of irrigation water will not be changed, such as in Bani Swaif, Asyut and El-Fayom governorates.
As shown in Table 5 about 131 MLE could be gained if the proposed cropping pattern is implemented. As shown
in Fig. 14, the most net return will be gained at Suhaj governorate with value 42 MLE. In spite of 138 MLE the net
return will be decreased at Kafr el-Sheikh, Dakahlia, Sharqia, Port Said, Al-Fayoum, Asyut, and Qina governorates,
269 MLE will be gained from the proposed cropping pattern at the other governorates.
Table 5
Changes in the net return, consumed water and economic value at each governorate due to the proposed cropping pattern.
Governorate Net return (MLE) Consumed water (MCM) Economic value of irrigation
water (LE/m3)
Current Proposed Gained Current Proposed Surplus Current Proposed Difference
Beheira 4149 4162 12.35 3845 3761 83.96 1.08 1.11 0.03
Kafr el-Sheikh 2654 2641 −12.71 3587 3523 64.32 0.74 0.75 0.01
Gharbia 2004 2013 8.89 1928 1872 55.96 1.04 1.08 0.04
Dakahlia 3696 3682 −14.44 4060 3991 69.06 0.91 0.92 0.01
Sharqia 3402 3390 −11.57 4139 4045 93.95 0.82 0.84 0.02
Dumyat 659 686 26.48 704 680 23.52 0.94 1.01 0.07
Monufia 1568 1571 2.73 1068 1059 8.99 1.47 1.48 0.02
Qalyubia 662 682 19.84 645 610 35.20 1.03 1.12 0.09
Alexandria 918 947 28.56 720 713 7.63 1.27 1.33 0.05
Ismailia 1101 1128 26.42 771 767 4.01 1.43 1.47 0.04
Al-Suwayyis 149 150 1.80 76 76 0.39 1.95 1.99 0.03
Port Said 401 400 −1.16 346 339 7.12 1.16 1.18 0.02
Cairo 360 383 22.78 173 166 6.58 2.08 2.30 0.22
Giza 1392 1432 40.16 617 606 11.10 2.25 2.36 0.11
Bani Swaif 1601 1603 1.19 1403 1398 5.07 1.14 1.15 0.00
Al-Minya 2615 2635 20.19 2656 2629 26.99 0.98 1.00 0.02
Al-Fayoum 2180 2157 −23.16 1890 1874 16.81 1.15 1.15 0.00
Asyut 1604 1589 −14.12 1879 1868 10.48 0.85 0.85 0.00
Suhaj 1731 1773 42.11 1811 1795 15.74 0.96 0.99 0.03
Qina 1798 1736 −61.47 2383 2286 96.67 0.75 0.76 0.01
Luxor 241 248 6.92 361 347 13.82 0.67 0.72 0.05
Aswan 795 804 9.36 1195 1143 51.89 0.67 0.70 0.04
Total 35,680 35,811 131.14 36,257 35,548 709 0.98 1.01 0.02
Fig. 13. Changes in the economic value of irrigation water at each governorate due to the proposed cropping pattern.
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5.5.  Proposed  alternatives  to  utilize  the  saved  water
5.5.1.  Alternative  1:  applying  the  saved  water  to  cultivate  wheat
For food security in Egypt, one of the main target is increasing the area of wheat. In this alternative it is recommended
to use the saved water due to the proposed cropping pattern and use 30% of the secondary crops’ areas at each governorate
to cultivate wheat. As shown in Table 6 if this alternative is applied, the area of wheat will be increased by 89 thousand
Feddan and the net return of the crop production will be increased by 215 MLE. Therefore, as shown in Tables 4 and 5,
the total area of wheat applying the proposed cropping pattern and alternative 1, will be increased by 145 thousand
Feddan. Moreover, the total net return, will be increased by 466 MLE. At the same time 545 MCM of irrigation water
will be saved.
Table 6
Alternative 1 – applying the saved water to cultivate wheat at each governorate.
Governorate Cultivated area in winter (thousand Feddan) Applied water (MCM) Return (MEL)
Total main crops Secondary
crops
Proposed for
wheat
Saved water due
the proposed
cropping pattern
Water used for the
proposed area of
wheat
Beheira 732.00 667.00 64.00 19.34 84.00 33.00 49.00
Kafr el-Sheikh 539.00 529.00 11.00 3.18 64.00 5.00 5.00
Gharbia 345.00 339.00 7.00 2.00 56.00 3.00 4.00
Sharqia 746.00 732.00 14.00 4.23 94.00 7.00 6.00
Dumyat 98.00 97.00 1.00 0.36 24.00 1.00 1.00
Monufia 292.00 286.00 7.00 2.10 9.00 4.00 4.00
Qalyubia 127.00 117.00 10.00 2.92 35.00 5.00 6.00
Alexandria 156.00 141.00 15.00 4.41 8.00 8.00 6.00
Ismailia 176.00 166.00 11.00 3.19 4.00 5.00 5.00
Al-Suwayyis 23.00 21.00 1.00 0.45 0.00 1.00 1.00
Port Said 89.00 76.00 13.00 4.04 7.00 7.00 11.00
Cairo 39.00 34.00 4.00 1.33 7.00 3.00 3.00
Giza 126.00 103.00 24.00 7.05 11.00 13.00 26.00
Bani Swaif 272.00 259.00 12.00 3.73 5.00 7.00 8.00
Al-Minya 434.00 400.00 34.00 10.07 27.00 19.00 26.00
Al-Fayoum 413.00 395.00 18.00 5.35 17.00 10.00 13.00
Asyut 305.00 299.00 6.00 1.79 10.00 3.00 5.00
Suhaj 282.00 279.00 4.00 1.09 16.00 3.00 3.00
Qina 197.00 188.00 8.00 2.54 97.00 6.00 6.00
Luxor 21.00 20.00 1.00 253.00 14.00 1.00 1.00
Aswan 71.00 67.00 3.00 1.02 52.00 2.00 2.00
Total 6110.00 5811.00 299.00 89.60 709.00 163.00 215.00
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.5.2.  Alternative  2:  applying  the  saved  water  for  reclaiming  land
As mentioned before, if the proposed cropping pattern is implemented 709 MCM of irrigation water will be saved.
f it is assumed that the average water need to reclaime a Feddan is about 3514 m3/Feddan, this 709 MCM can be
sed to reclaim about 200 thousands Feddan. If the quality of the desert land is taken into account and the need of the
eddan for water being about 5271 m3/Feddan, the saved water can be used to reclaim about 133 thouthands Feddan.
.  Conclusion  and  recommendation
In Egypt, proposing a cropping pattern at the governorate level gives a more accurate and complete picture to the
ecision makers than proposing it at the national level. Through the current study a cropping pattern that maximizes
conomic value of irrigation water at the Egyptian governorate level was proposed. The proposed cropping pattern
elps in achieving the water resources and agricultural policies. Moreover, it accomplishes an optimal socio-economic
nd environmental allocation of irrigation water.
The most important socio-economic and the environmental benefits of the proposed cropping pattern are increasing
he economic value of irrigation water, increasing net return from the crops production, reducing national food gap
rom strategic crops, reducing the areas of voracious crops water, and saving the irrigation water.
Applying the proposed cropping pattern will increase the economic value of irrigation water from 0.98 to 1.01 LE/m3.
he area of wheat, sunflower, soya bean, sugar-beet, broad bean will be increased by 56,472, 6980, 1660, 23,180, 19,710
eddan respectively. The areas of rice and sugarcane (voracious crops water) will be decreased by 113 thousands and
5 thousands Feddan respectively. The changes in the area of the strategic crops are consistent with the water resources
nd agricultural policies of Egypt. Although the net return will be decreased at some governorates, the total net return
ill be increased by about 132 MLE. The proposed cropping pattern at the 22 governorates could save irrigation water
y 709 MCM.
Two alternatives to utilize the saved water due to the proposed cropping pattern were proposed. Th first alternative
s using the saved water and 30% of the cultivated area by secondary crops at each governorate to cultivate wheat. With
his alternative the cultivated area of wheat will be increased by 145thousands Feddan more than the current cropping
attern. At the same time, 545 MCM of irrigation water will be saved. Applying this alternative will increase the net
eturn from the crop production by 346 MLE. The second proposed alternative is utilizing the saved water to reclaim
bout 200 thousands Feddan in with 3514 m3/Feddan average water requirerment. If the quality of the desert land is
aken into account and need of the Feddan for water is about 5271 m3/Feddan, the saved water can be used to reclaim
bout 133 thousands Feddan.
The study recommends that the researchers and decision makers should continuously target resources reallocate
nd adjust measures to enhance water economic value in the agricultural sector. Moreover, a revision of the absolute
ree cropping pattern policy applied in Egypt is recommended.
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